We observed a coronal wave (EIT wave) on 2011 February 16, using EUV imaging data from the Solar Dynamics Observatory/Atmospheric Imaging Assembly (AIA) and EUV spectral data from the Hinode/EUV Imaging Spectrometer (EIS). The wave accompanied an M1.6 flare that produced a surge and a coronal mass ejection (CME). EIS data of the wave show a prominent redshifted signature indicating line-of-sight velocities of ∼20 km s −1 or greater. Following the main redshifted wave front, there is a low-velocity period (and perhaps slightly blueshifted), followed by a second redshift somewhat weaker than the first; this progression may be due to oscillations of the EUV atmosphere set in motion by the initial wave front, although alternative explanations may be possible. Along the direction of the EIS slit the wave front's velocity was ∼500 km s −1 , consistent with its apparent propagation velocity projected against the solar disk as measured in the AIA images, and the second redshifted feature had propagation velocities between ∼200 and 500 km s −1 . These findings are consistent with the observed wave being generated by the outgoing CME, as in the scenario for the classic Moreton wave. This type of detailed spectral study of coronal waves has hitherto been a challenge, but is now possible due to the availability of concurrent AIA and EIS data.
INTRODUCTION
The nature of large-scale waves in the corona has been debated for many years. Attention was alerted to the phenomena in the 1960s when global waves were observed in the chromosphere in Hα (e.g., Moreton & Ramsey 1960; Athay & Moreton 1961) . The waves became known as "Moreton waves" and have speeds of propagation of the order of 1000 km s −1 . These waves were found to be too fast to originate in the chromosphere. Uchida (1968) developed a theory of the fast-mode MHD shock wave where the wave radiated out into the corona from a flare site and energy is refracted down into the chromosphere. There is a down-up swing observed in the chromospheric Hα line which is explained by a depression in the chromosphere caused by the coronal shock followed by a relaxation (see a recent review on flares by Hudson 2011) . The problem is that the coronal counterpart of the Moreton wave is difficult to observe.
When the phenomena of "EIT waves" were first discovered in the late 1990s, it was initially thought that these were the coronal Moreton waves as described by Uchida (1968) . The EUV Imaging Telescope (Delaboudinière et al. 1995) on board SOHO made observations of a diffuse propagating bright front reaching speeds of several hundred km s −1 (Thompson et al. 1998) . Since their discovery the explanation of EIT waves has developed with several hypotheses put forward. These can be simply split into wave and non-wave phenomena. Evidence for waves includes similar kinematical curves across a broad range of wavelengths with waves in all wavelengths decelerating (Warmuth et al. 2004) , waves seen to reflect off coronal holes (e.g., Gopalswamy et al. 2009b ; evidence for a fast-mode MHD wave initiated by a coronal mass ejection (CME; Kienreich et al. 2009 ) and evidence of a dome-shaped structure that expands laterally much further than dimming is observed (Veronig et al. 2010) ). The non-wave explanations are based around the propagation of the CME and its interaction with its surroundings (e.g., Zhukov et al. 2009; Attrill et al. 2007; Delannèe et al. 2008; Ma et al. 2009 ). Hybrid explanations that combine both CME propagation and wave aspects have been described by Chen et al. (2005) and Liu et al. (2010) . We refer the reader to two excellent reviews that describe EIT waves in more detail: Wills-Davey & Attrill (2009) and Gallagher & Long (2010) .
There have been few spectroscopic observations of EIT waves in the corona. The first by Harra & Sterling (2003) studied a wave on 1998 June 13 which was observed by the TRACE spacecraft and the Coronal Diagnostic Spectrometer (CDS) on board SOHO. There were two waves observed in TRACE-one had the typical bright front with a speed of 200 km s −1 and the second was faster with a speed of 500 km s −1 but weaker. The weak wave showed no spectroscopic signature as it propagated through the CDS field of view (FOV). This could be because there were no strong velocities, i.e., v < 10 km s −1 , the emission measure was too low to be measured, or there simply were no Doppler shifts. The strong wave shows a high line-of-sight velocity feature in the transition region which corresponds to the erupting filament material. These observations are consistent with the numerical simulations of the hybrid model of Chen et al. (2005) which shows both a fast-mode MHD wave and the opening up of field lines due to the erupting filament. Another example of spectroscopic observations was from a large X-class flare observed soon after the launch of the Hinode spacecraft. In that event Asai et al. (2008) found two separate blueshifted phenomena observed by the EUV Imaging Spectrometer (EIS). The first was related to a plasmoid ejection and was observed in all the emission lines. The second was related to an arc-shaped propagating structure seen in X-rays and was only observed in the hotter emission lines in the EIS study. They were found close to the flaring active region. Chen et al. (2010) also studied the behavior of the Doppler shifts and line widths of an EIT wave. They found the classic features of outflowing plasma in the dimming region seen behind the EIT wave (e.g., Harra & Sterling 2001) . In addition, they found a second blueshifted component of 100 km s −1 with a drift velocity along the slit of 450 km s −1 only observed in Fe xv and Ca xvii which corresponded to the shock wave associated with the flare. These observations were also close to the flaring active region.
In this Letter, using data from Atmospheric Imaging Assembly (AIA) and EIS we analyze an "EIT wave" of 2011 February 16 as it propagates north of active region 11158, the source region of the eruption, toward active region 11159. The EIS slit was lying between the two active regions allowing us to determine for the first time with a high time cadence the spectroscopic signature of an EIT wave in the corona as it propagates away from the active region.
OBSERVATIONS
The EIS on board Hinode (Culhane et al. 2007 ) is a scanning slit spectrometer observing in two wave bands in the EUV: 170-210 Å and 250-290 Å. The spectral resolution is 0.0223 Å pixel −1 , which allows velocity measurements of a few km s −1 . The temperature coverage ranges from log T = 4.7-7.3 with a spatial resolution of close to 1 -2 . The data in this study were acquired during campaign HOP180 6 performed during 2011 February 10-17. HOP180 was specifically designed to study plasma diagnostics, plasma flows, and their dynamics at EIT wave fronts by combining high-cadence sitand-stare EIS spectroscopy in various chromospheric, transition region and coronal spectral lines with high-cadence multiwavelength imaging by AIA. For this observation, the 2 slit was used in "sit-and-stare" mode between active regions 11158 and 11159. The slit height was 512 (with a pixel size of 1 in the y-direction) and an exposure time of 45 s. We concentrate on the observations starting at 14:08 UT and focus on the Fe xii 195.12 Å (log T = 6.1) and the Fe xiii 202.04 Å (log T = 6.2) spectral windows. We fitted the data using a single Gaussian in most cases, but applied a double-Gaussian fit in the region closest to the eruption, where two components are clearly seen.
The AIA on board the Solar Dynamics Observatory (SDO) has a spatial resolution of 1. 4 and a high time cadence. For this sequence we used a subset of AIA images which gave a cadence of 25 s. For the analysis we concentrated on the 193 Å bandpass as the wave is seen most clearly in this band. It is also the passband that includes the EIS 195 Å emission line.
Figure 1 presents base difference images from AIA. The images were de-rotated, and then the first image in the sequence was subtracted from the subsequent images. The M1.6 flare started at 14:19 UT in AR 11158 (the southern active region). The flare was impulsive, peaking five minutes later. The flare itself was over in less than 40 minutes, so was not a long-duration event, but nonetheless images from EUV and coronagraph instruments on STEREO show a clear ejection and CME. The first image shown in Figure 1 shows the intense brightening of the flare, just before the peak was reached. The second image shows a weak wave front approaching the northern active region. The third image shows a dimming region firmly established north of the flaring active region. Finally, another weak wave front passes through. Arrows highlight the first wave propagating, and then the surge. From the AIA images we estimate the speed of the first wave to be 500 ± 50 km s −1 . This all happened in only 17 minutes and would have been very difficult to see with SOHO EIT due to the lower time cadence. The wave fronts are very weak and more easily seen in the animation available in the online version of the journal. Figure 2 shows EIS Fe xii intensity data. Since this is a sitand-stare study the morphology is difficult to track. The FOV is shown in Figure 1 . The lower part of the EIS FOV lies on the southern active region. In this region very strong outflows are seen, illustrated by the strong blueshifted secondary components in the line profiles. These speeds reach over 400 km s −1 -indeed the secondary component is so fast that it falls out of the EIS spectral window in some cases. For values from y = −130 increasing in the y-direction between about 14:23UT and 14:30 UT, there is an extremely weak feature in the intensity that is not clearly seen. However, the spectral profile at this point shows a clear Doppler redshift.
To study this weak-intensity feature in more detail, we look at the Doppler velocity images and the line width images with time. Figure 3 shows this, along with the Fe xiii intensity image. A strong blueshifted component occurs near the flare site (marked as "feature 1" in Figure 3 ). This blueshift evolves into a predominately redshift from about 14:45 UT. This feature corresponds to a surge-like feature, visible in AIA movies (cf. Figure 1, panel 4) , that flows upward along magnetic loops from AR 11158 toward AR 11159, and then largely retreats (falls) along the same loop fields toward AR 11158. Rapidly speeding away from this surge feature is a wave front (marked as "feature 2") that has a prominent redshifted component with a line-of-sight velocity of ∼20 km s −1 , and a speed of propagation along the direction of the EIS slit of around 510 km s −1 , which is consistent with the estimate obtained from the AIA difference images. A second redshifted propagation occurs later (marked as "feature 3"), which is extended over time and hence has a range of propagation speeds of between 200 and 500 km s −1 . Figure 3 shows the positions of the redshifted features, blueshifted features, and intensity enhancements to be in different locations. We explore this by looking at slices at different y positions.
This second wave front has an intensity enhancement lagging it, as can be seen from the overlying contours in Figure 3 . We will consider the possible nature of this second wave in the discussion section. Figure 4 shows two slices of the intensity, Doppler velocity, and line width for the Fe xii ion. We choose y = 0 and y = 100 to catch the waves as they propagated without contamination from the active region itself. The intensity does not show very strong change-a small dimming is seen at 14:40 at y = 0 , and some other variations. The Doppler velocity plot shows more pronounced details. At y = 0 , there is a clear redshift at about 14:27, and a redshift more broadly dispersed in time over about 14:35 to 14:39, with a slower velocity period at around 14:30 UT. At y = 100 , there is a larger sharply peaked redshift near 14:29, followed by a sharp drop in velocity (with minimum near 14:35 UT) and then another strong redshift around 14:40. The y = 0 sharp blueshift at 14:42 is almost certainly from the surge material (feature 1 of Figure 3) . Figure 5 shows the same information for the Fe xiii ion. The intensity enhancement related to the first wave front is seen clearly this time, at 14:31 at y = 100 . This has an associated redshift of 20 km s −1 . The second redshift component is then seen related to the second wave front, with an intensity increase broader in time than that of the first redshift. The peaks related to the wave fronts are marked with red arrows in Figure 5 . For both Fe xii (Figure 4 ) and Fe xiii (Figure 5 ), the line width increases at the same times that the redshift becomes enhanced.
DISCUSSION
By combining data from AIA and EIS, we are able to examine a coronal wave with high cadence and spectral detail, something that was extremely challenging prior to the Hinode and SDO era. We find that the main wave front travels at ∼500 km s −1 and is strongly redshifted (i.e., as the wave propagates it also pushes plasma downward toward the Sun with a speed of ∼20 km s −1 ). This main wave front is followed by a low-velocity (near zero km s −1 ) period, and then a second redshifted feature that has a range of velocities between 200 and 500 km s −1 and of comparable or somewhat lower Doppler velocity. Uchida (1968) suggested that a Moreton wave forms when a coronal MHD shock propagating away from a source region, pushes down the chromospheric plasma along the shock front. Our observations of prominent redshifts corresponding to the intensity wave front of an EIT wave observed in AIA are consistent with the EIT wave having characteristics analogous to a Moreton wave in the EUV solar atmosphere.
The origin of the second redshifted feature (feature 3 in Figure 3 ) is less clear. It is possibly an extended response of the low atmosphere to the initial depression from the hydrodynamic disturbance making the wave front, that is, a down-up swing of the atmosphere. In such a case it is not obvious why the second wave would have a reduced velocity over that of the wave front and that the blueshifted features are extremely weak (if they exist at all). Other possibilities for the second wave include wave oscillations generated by the wave while it propagates as predicted by Chen et al. (2002) , some aspects of the CME perhaps generating a backward push on the lower atmosphere as the CME expands while moving outward, or that the signature may result from a downward-directed seemingly faster-moving portion of the surge which we see in AIA 304 Å movies that traverse the magnetic loops between the two active regions. Independent of how it is produced, this feature may be similar to secondary wave components observed by Harra & Sterling (2003) and Liu et al. (2010) , and therefore this may be a common aspect of EIT waves. These preliminary results cannot identify this clearly and more detailed analysis and perhaps observations of similar events is required.
If our wave front is due to an MHD fast-mode shock wave as envisioned by Uchida (1968) , then we might expect a signature of the event in solar radio data. NOAA records show that there was a Type II radio burst over 2011 February 16 14:23 UT-14:35 UT, and a Type IV burst over 14:31 UT-16:13 UT. Type II bursts are from the propagation of shocks in the heliosphere, while many Type IVs result from electrons trapped in the flaring region (e.g., Caroubalos et al. 2004; Gopalswamy et al. 2005 Gopalswamy et al. , 2009a .
Not all EIT waves are necessarily as we describe here, and others may represent different phenomena (Wills-Davey & Attrill 2009; Hudson 2011) . More joint studies using AIA, EIS, and other instruments are needed to better elucidate the properties of this phenomenon.
